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Effects of reduced calcium ion concentration and of
diltiazem on vasoconstrictor responses to
noradrenaline and sympathetic nerve stimulation in rat
isolated tail artery
lain C. Medgett& M.A. Sharmini Rajanayagamr*

Department of Pharmacology, University of Melbourne, Victoria, 3052, Australia

1 In isolated, perfused proximal segments of Sprague-Dawley rat tail artery, idazoxan
(100 nmol 1-1) displaced the concentration-response curve to noradrenaline (NA) to the right. The
log shift of the NA concentration-response curve was greater at lower concentrations than at higher
concentrations of NA. Idazoxan (100 nmol 11) had no effect on responses to electrical stimulation.
2 Prazosin (10 nmol 1-') displaced the concentration-response curve to NA to the right as well as

markedly reducing responses to sympathetic nerve stimulation.
3 The concentration-response curve to NA, obtained after reducing the concentration of calcium
ions in the Krebs solution from 2.5 to 0.6 mmol 1-', was significantly displaced to the right. Responses
to sympathetic nerve stimulation were not affected by this reduction in the concentration of calcium
ions.
4 Diltiazem (1 and 10 pimol 11) significantly displaced the concentration-response curve to NA to
the right but had no effect on sympathetic nerve stimulation.
5 These in vitro results in peripheral arterial smooth muscle confirm the findings of previous in vivo
studies which suggest that aC2-adrenoceptors contribute to the vasoconstrictor responses elicited by
cx-adrenoceptor agonists and that these responses but not those mediated by oti-adrenoceptors are
dependent on extracellular calcium.

Introduction

The subclassification of a-adrenoceptors, until re-
cently, was based on their anatomical location. Clas-
sical postjunctional a-adrenoceptors on the smooth
muscle cell membrane which mediate vasoconstric-
tion were termed ai-adrenoceptors; pre-junctional
oa-adrenoceptors which are involved in the regulation
of transmitter release were termed Ct2-adrenoceptors
(Langer, 1974). However, the development and use
of selective a-adrenoceptor agonist and antagonist
drugs has led to the realization, at least from in vivo
studies, that vascular smooth muscle a-
adrenoceptors are not exclusively of the ocl-subtype
(Drew & Whiting, 1979; Docherty & McGrath,
1980a; Hamilton & Reid, 1980; Langer & Shepper-
son, 1982; McGrath, 1982). Noradrenaline (NA) for
example, was shown to produce pressor responses in
the pithed rat and in the anaesthetized cat which were
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less susceptible to blockade by prazosin than to
blockade by either phentolamine or yohimbine
(Drew & Whiting, 1979). In the latter study, NA was
acting through a-adrenoceptors, as indicated by the
effects of phentolamine and yohimbine but these
receptors were not solely of the oEi-subtype, as de-
monstrated by the resistance of NA responses to
blockade by prazosin.

It has also been found that the effects of circulating
or exogenous agonists are susceptible to blockade by
both oq- and a2-adrenoceptor antagonists (Docherty
& McGrath, 1980a, b; Flavahan & McGrath, 1980)
whereas responses to sympathetic nerve stimulation
(SNS) are more susceptible to blockade by ao-
adrenoceptor antagonists (Docherty & McGrath,
1980a, b). The most attractive hypothesis to explain
these data is that the outer layers of well-innervated
vessels contain only oi-adrenoceptors which respond
to transmitter NA released from sympathetic nerve
terminals, whereas the inner layers contain both ai-
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and aC2-subtypes which may be activated by circulat-
ing ax-adrenoceptor agonists (McGrath, 1982).
There are also differences in the respective charac-

teristics of the responses mediated by the two a-
adrenoceptor subtypes. xi-Adrenoceptor agonists
elicit responses which are rapid in onset, short-lasting
and appear to utilize intracellular calcium; a2-
adrenoceptor agonists elicit responses that are slower
in onset, longer lasting and appear to utilize extracel-
lular calcium which enters the cell through voltage-
dependent channels (Langer & Shepperson, 1981;
McGrath, 1982; Cavero etal., 1983).
Only very recently has the existence of smooth

muscle cX2-adrenoceptors been demonstrated in a
peripheral, well-innervated muscular artery in vitro,
using the rat isolated tail artery preparation (Medgett
& Langer, 1984; Hicks et al, 1984). The presence of
both a1- and a2-subtypes on smooth muscle cells in
rat tail arteries was reported in the latter studies,
based on the effects of idazoxan (selective a2-
adrenoceptor antagonist; Doxey et al., 1983) and
prazosin (selective cx1-adrenoceptor antagonist) on
responses to NA and to TL99 (selective a2-
adrenoceptor agonist; Hicks & Cannon, 1981). In
addition, the rat isolated tail artery is a stable and
sensitive preparation with some of the characteristics
of a true resistance vessel (Cheung, 1982a,b) and
therefore, is particularly suitable for in vitro studies.

In previous studies (Medgett & Langer, 1984;
Hicks et al., 1984) data were obtained under condi-
tions of blockade of f-adrenoceptors and of inhibi-
tion of neuronal uptake using propranolol and
cocaine, respectively. In the present study it was
considered important to confirm that effects of selec-
tive a-adrenoceptor antagonists, as observed in the
above studies, were qualitatively similar in the ab-
sence of blockade of ,B-adrenoceptors and neuronal
uptake, since data from in vivo studies were obtained
in the absence of these agents. The primary aim of the
present study, however, was to investigate the depen-
dence of a-adrenoceptor-mediated responses on ex-
tracellular calcium ion concentration by lowering the
concentration of calcium ions in the perfusate and
also by assessing the effects of NA and sympathetic
nerve stimulation in the presence of the calcium slow
channel antagonist, diltiazem. Some of these data
have been published in abstract form (Rajanayagam
& Medgett, 1984a, b).

Methods

Preparation of rat tail artery

Male Sprague-Dawley rats weighing 200 to 300 g
were anaesthetized with sodium pentobarbitone
(30 mg kg-') administered intraperitoneally. A proxi-

mal segment, approximately 1 cm in length, of the tail
artery was removed and placed in a dish of Krebs
solution. The vessel was cannulated at the proximal
end by use of a dissecting microscope. The distal end
was tied and a large opening made just proximal to
the tie. The artery was then mounted vertically, distal
end uppermost, under a tension of 0.5 g for perfusion
and superfusion. Two circular platinum electrodes,
separated by 4 mm were located around the proximal
end of the artery segment to allow field stimulation of
the adventitial sympathetic nerves (sympathetic
nerve stimulation, SNS). The artery was perfused
through the bottom cannula at a flow rate of 4 ml
min-' (LKG peristaltic pump) with Krebs solution.
The solution perfused the lumen and then passed out
through the opening at the distal end to superfuse the
extraluminal surface. The Krebs solution in the sup-
ply reservoir was continually gassed with a mixture of
5% CO2 in 02 and was maintained at 37 'C.

Vasoconstriction was measured as increases in per-
fusion pressure under conditions of constant flow,
using a pressure transducer connected to a Rikadenki
potentiometric pen recorder with a chart speed of
0.5 cm min-'. A 10 to 15 min stabilization period was
allowed before any responses to stimulation or a-
adrenoceptor agonists were elicited. During this
period the resting perfusion pressure fell from an
initial level of 100 to 200 mmHg to 20 to 40 mmHg
and thereafter remained relatively constant. After
the stabilization period, a few responses were elicited
to SNS to determine the viability of the preparation.
The artery segment was considered to be viable if
maximal responses of 40 mmHg or more could be
elicited with SNS at frequencies of 1 to 3 Hz. After
perfusion/superfusion for a further 20 min, responses
to SNS and NA were obtained as indicated below.

Stimulation ofadventitial sympathetic nerves

Electrical stimulation consisted of monophasic
square wave pulses of 0.3 ms duration delivered at
supramaximal voltage. Responses were elicited suc-
cessively to stimulation at frequencies of 0.1, 0.3, 1,3
and 10 Hz. For each frequency stimulation was con-
tinued until the maximum increase in perfusion pres-
sure had been obtained (5 - 20 s).

Concentration-response relationships to noradrenaline

Solutions containing NA were given by momentarily
stopping perfusion and replacing the Krebs solution
with one containing the required concentration of the
agonist, which was subsequently perfused until the
maximum response was obtained, before returning to
drug-free Krebs solution (1 - 2 min).
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Experimental protocol

An initial frequency-response curve to SNS which
was not considered in the statistical analysis of the
data was obtained to allow the preparation to stabil-
ize. After a 25 min period the next frequency-
response curve obtained was counted as the first. This
was followed after a further 25 min by a non-
cumulative concentration-response curve to NA
using stepwise 3 fold increments in concentration.
(Only one agonist was used in each experiment). To
avoid desensitization of the artery, responses of no
greater than 200 mmHg were obtained in the first
concentration-response curve. After an interval of
25 min the second frequency-response curve was ob-
tained and was followed, 25 min later, by a second
concentration-response curve in which the concent-
ration of NA producing the maximum response was
established.
The effects of antagonists were assessed by adding

them to the Krebs solution, in the required concent-
ration, immediately after establishing the first agonist
concentration-response curve.
The effects of a decreased concentration of ex-

tracellular calcium ions on responses to NA and SNS
were assessed by decreasing the concentration of
calcium in the Krebs solution from 2.5 mmol 1' to
0.6 mmol 1' immediately after establishing the first
agonist concentration-response curve.

Composition ofKrebs solution

The Krebs solution was of the following composition
(mmoll-1): NaCl 118, KC14.7, NaHCO325,
MgSO40.45, KH2PO41.03, CaCl22.5, D-(+)-
glucose, 11.1, sodium ethylenediamine tetraacetic
acid (EDTA) 0.067. The pH of the Krebs solution
was 7.4-7.6.

Drugs

Drugs used were: noradrenaline hydrochloride
(Sigma); idazoxan hydrochloride (RX781094, Reck-
itt & Colman); prazosin hydrochloride (Pfizer); dil-
tiazem hydrochloride (L.E.R.S. Synthelabo). The
salts, except prazosin hydrochloride, were dissolved
in distilled water which, in the case of NA, contained
ascorbic acid 0.05 mg ml-'. Prazosin was suspended
in 5 ml glycerol before making up the volume of a
1 mmol 1-' stock solution with 5% dextrose.

Statistical analysis

Results are expressed as the mean ± s.e. Statistical
analysis was performed using Student's t test, proba-
bility levels less than 0.05, for paired or unpaired
data, as appropriate. The dissociation constants (KB)

of the antagonists were determined according to the
formula (Furchgott, 1972):

KB = [antagonist] M
concentration ratio- 1

The concentration ratio is the ratio, determined in
a single experiment, of the concentrations of NA
giving an equal response in the presence or in the
absence of the antagonist; the response is measured
as the EC50 value where lines do not depart signific-
antly from parallelism or linearity. For lines that do
depart from parallelism or linearity, the dissociation
constants are determined from responses measured
at the EC25 and EC75 levels, as well as the EC5o level.

Results

Control responses of preparations of rat tail arteries
to NA (30- 300 nmol 11-') and to SNS (0.1 - 10 Hz) are
shown in Figure 1. For each concentration the agon-
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Flgure 1 (a) Effects of noradrenaline (NA) in rat
isolated perfused tail artery. Ordinate scale: perfusion
pressure in mmHg. Control responses to concentrations
of NA between 30 and 300nmoll-1 are shown. (b)
Effects of sympathetic nerve stimulation in rat isolated
perfused tail artery. Ordinate scale: Perfusion pressure
in mmHg. Control responses to frequencies between 0.1
and 10 Hz are shown. Frequencies of 0.3 and 10 Hz are
indicated by arrows.
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Figure 2 (a) Control concentration-response curves to noradrenaline (NA) in rat isolated perfused tail arteries.
Ordinate scale: response in mmHg; abcissa scale: log molar concentration of NA. Mean values and s.e. are given for
NA (n = 7). (b) Control frequency-response curves to sympathetic nerve stimulation in rat isolated perfused tail
arteries. Ordinate scale: Response in mmHg. Abscissa scale: Frequency of stimulation in Hz. Mean values and s.e.

are given (n = 13).
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Fgure 3 (a) Effects of idazoxan (100nmoll-l) on responses to noradrenaline (NA) in rat isolated perfused tall
arteries. Ordinate scale: peak contractile response expressed as a percentage of the maximal response to full agonist.
Abscissa scale: log molar concentration of NA. Mean values and s.e. are given forNA in the presence and absence of
idazoxan (n = 7). The curves depart significantly (P< 0.05) from parallelism. (b) Effects of idazoxan (100 nmol I-1)
on frequency-response curves to SNS in rat isolated perfused tail arteries. Ordinate scale: Peak contractile response
expressed as a percentage of the maximum response to full agonist. Abscissa scale: frequency of stimulation in Hz.
Mean values and s.e. are given for responses to SNS in the presence and absence of idazoxan (n = 13).
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ists were infused until the maximum responses were
obtained (1-2 min). Similarly, stimulation at each
frequency was applied until the maximum response
was obtained (3-5 s).

Figure 2a shows first and second concentration-
response curves to NA based on pooled data from all
control experiments. Responses of no greater than
200 mmHg were elicited in the first concentration-
response curve in each preparation. For the second
concentration-response curve, the concentrations of
NA were progressively increased up to those produc-
ing maximum responses.
The linear portions of the first and second

concentration-response curves forNA did not depart
significantly from coincidence (P> 0.05). The mean
pD2 value for NA, determined from the first
concentration-response curve was 7.20 (s.e. = 0.11,
n= 7) and that determined from the second
concentration-response curve was 7.30 (s.e. = 0.09,
n= 7). In addition, responses to NA were highly
reproducible from one preparation to another.

In order to assess the effects of antagonists on the
NA concentration-response relationships, compari-
sons were thus made between the second curve con-
structed from the pooled data from control experi-
ments, and the second curve constructed from the
pooled data from experiments in which the antagon-
ist was introduced 60 min before commencing the
second curve.

Figure 2b shows the first and second frequency-
response relationships to field SNS pooled from the
data from all control experiments. There was no
significant departure from coincidence between the
linear portions of the two frequency-response curves.
Due to the fairly substantial between-preparation
variation in these responses, comparisons were made
using paired t tests with the first and second
frequency-response curves when assessing the effects
of antagonists which were present during the second
curves.

Effects of idazoxan

Idazoxan (100 nmol 1'), when added to the perfusion
solution, did not cause any change in the resting
perfusion pressure. However, idazoxan
(100 nmol 1-') displaced the NA concentration-
response curve to the right (Figure 3a). The NA
curve departed significantly from parallelism with the
control curve (P< 0.05) and therefore log shift val-
ues were determined at EC25, EC50 and EC75 levels of
the curve. The displacement of the concentration-
response curve was greater with low concentrations
than with high concentrations of NA: thus, Table 1
shows that at the EC25 level the log shift was 0.60 log
units (s.e. = 0.07, n = 7) whereas at the EC75 level the
log shift was only 0.24 log units (s.e. = 0.10, n= 7).
Idazoxan had no effect on the maximum response
elicited by NA. Idazoxan (100 nmol 11) had no effect
on responses to SNS at frequencies of lHz and
above; of those preparations responding to the lower
frequencies of 0.1 and 0.3 Hz, all gave a decreased
response after idazoxan (Figure 3b).

Effects ofprazosin

Prazosin (10 nmol 1'), when added to the perfusion
solution, did not cause any change in the resting
perfusion pressure. Prazosin displaced the NA
concentration-response curve to the right by 1.72 log
units (s.e. = 0.70, n= 6; Table 1). In the presence of
prazosin, the concentration-response curve to NA
did not depart significantly from linearity or from
parallelism with the control curve (Figure 4a). Prazo-
sin did not significantly alter the maximum response
elicited by NA.

In contrast to the lack of effect of idazoxan on
responses to SNS, prazosin significantly and marked-
ly reduced these responses (Figure 4b).

Table 1 Antagonism of responses to noradrenaline (NA) by idazoxan (100 nmol l-l) and prazosin (10 nmol l- l) in
rat isolated perfused tail arteries.

NA cont
- log EC25
-log EC5o
(pD2)
-log EC7s

Idazoxa
rol n Log shift
7.64 (0.12) 7 0.60 (0.07)
7.30 (0.09) 7 0.48 (0.10)

6.79 (0.14) 7 0.24 (0.01)

n Prazosin
-log KB n log shift -log KB

7.47 7 1.76 (0.08) 9.75
7.31 7 1.72 (0.70) 9.71

7 1.69 (0.11) 9.68 6

Significant (P< 0.05) shifts of curves were obtained in all cases at EC25, ECso and EC75 levels with both idazoxan
(100 nmol/l) and prazosin (10 nmol/l).
Values in parentheses indicate s.e.

n

6
6
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Figure 4 (a) Effects of prazosin (10nmoll-1) on concentration-response curves to noradrenaline (NA) in rat
isolated perfused tail arteries. Ordinate scale: peak contractile response expressed as a percentage of the maximum
response to full agonist. Abscissa scale: log molar concentration of NA. Mean values and s.e. are given forNA in the
presence and absence of prazosin (n= 6). (b) Effects of prazosin (10 nmol 1-l) or frequency-response curves to SNS
in rat isolated perfused tail arteries. Ordinate scale: Peak contractile response expressed as a percentage of the
maximum response to full agonist. Abscissa scale: frequency of stimulation in Hz. Mean values and s.e. are given for
responses to SNS in the presence and absence of prazosin

Effects of lowering the concentration ofcalcium ions

When the concentration of calcium ions in the Krebs
solution was reduced from 2.5 mmol I` to
0.6 mmol 1', the concentration-response curve to
NA was significantly displaced to the right by 0.44 log
units (s.e. = 0.04, n= 6; Table 2). There was no sig-
nificant departure of the concentration-response
curve which was obtained after reducing the concent-
ration of calcium ions either from linearity or from
parallelism with the control curve. There was no

significant effect on the maximum response elicited
by NA (Figure 5a).
Responses to SNS were not significantly affected

by the reduction of the concentration of calcium ions
in the Krebs solution (Figure Sb).

Effects of diltiazem

Diltiazem (1 and 1OILmoll-), when added to the
perfusion solution, did not cause any change in the
resting perfusion pressure. The concentration-

Table 2 Effects of lowering the concentration of calcium ions in the Krebs solution and of diltiazem on responses to
noradrenaline (NA) in rat isolated perfused tail arteries

PD2

Maximum
response

(mmHg) log shift n

NA control
([Ca2+] = 2.5 mmol I-)

[Ca2+] 0.6 mmol 1-
[diltiazem] = 0

[Ca2 ] = 2.5 mmol 1I
[diltiazem] = 1 pmol I

[Ca2]-= 2.5 mmol 1-
[diltiazem] = 10 jimol 1-

S.e. mean shown in parentheses.
* Significant (P< 0.05) rightward shift.

7.30(0.09) 280 (32) 7

6.81 (0.01) 258 (27) 0.44(0.04)* 6

6.57 (0.05) 240(20) 0.73 (1.06)* 6

6.30 (0.06) 238 (20) 0.90 (0.08)* 7
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Figue 5 (a) Effects of lowering the concentration of calcium ions in the Krebs solution from 2.5 mmol 1-' to
0.6 mmol 1- 1o concentration-response curves to noradrenaline (NA) in rat isolated perfused tail arteries Ordinate
scale: peak contractile response expressed as a percentage of the maximum response to full agonist Abscissa scale:
log molar concentration NA. Mean values and s.e. are given for responses to NA before and after reducing the
concentration of calcium ions in the Krebs solution (n = 6). (b) Effects of lowering the concentration of calcium ions
in the Krebs solution from 2.5 to 0.6 mmol 1-1 on frequency-response curves to SNS in rat isolated perfused tail
arteries. Ordinate scale: peak contractile response expressed as a percentage of the maximum response to full
agonist. Abscissa scale: frequency of stimulation in Hz. Mean values and s.e. are given for responses to SNS before
and after the concentration of calcium ions in the Krebs solution was reduced (n = 12).
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FIgure 6 (a) Effects of diltiazem (1 and 10lmol -1) on concentration-response curves to noradrenaline (NA) in rat
isolated perfused tail arteries. Ordinate scale: peak contractile response in mmHg. Abscissa scale: log molar
concentration of NA. Mean values and s.e. are given for responses to NA in the presence and absence of diltiazem
(n= 7). (b) Effects of diltiazem (1 and 10 Zmol l-1) on frequency-response curves to SNS in rat isolated perfused tail
arteries. Ordinate scale: peak contractile responses in mmHg. Abscissa scale: frequency of stimulation in Hz. Mean
values and s.e. are given for responses to SNS in the presence and absence of diltiazem (n= 13).
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response curve to NA, obtained in the presence of
diltiazem (1 ftmol 11) did not significantly depart
either from linearity or from parallelism with the
control curve. Diltiazem tended to reduce the max-
imum response elicited by NA (Figure 6a); thus log
shift values were calculated at the EC50 level of the
control curve. Diltiazem (1 tmol 11) significantly dis-
placed the NA curve to the right by 0.73 log units
(s.e. = 0.06, n= 6; Table 2). A higher concentration
of ditiazem (10 timol 1-') further displaced the curve
to the right by 0.17 log units. The total displacement
of the concentration-response curve to NA, obtained
in the presence of diltiazem (10LImol 11) from the
control curve was thus 0.90 log unit (s.e. =0.08,
n = 7; Table 2).
Responses to SNS were not significantly affected

by either concentration of diltiazem (Figure 6b).

Discussion

Smooth muscle CX2-adrenoceptors have been iden-
tified previously in proximal segments of tail arteries
of SHR and Sprague-Dawley rats, by use of the
agonists NA, methoxamine andTL99 in combination
with the antagonists idazoxan, prazosin and corynan-
thine (see Hicks et al., 1984; Medgett & Langer,
1984; Medgett et al., 1984). The most direct evi-
dence for the presence of smooth muscle X2-
adrenoceptors was the effect of the selective a2-
adrenoceptor agonist TL99 (Hicks & Cannon,
1981): in SHR tail arteries, responses to TI99 were
substantially reduced by idazoxan (100 nmol 1-'), un-
affected by prazosin (1 nmol 11) and virtually
abolished if the extracellular calcium concentration
was halved (Hicks et al., 1984). In contrast, responses
to the selective ai-adrenoceptor agonist methox-
amine were unaffected by idazoxan, markedly re-
duced by prazosin and unaffected by halving the
calcium concentration (Hicks et al., 1984); thus both
oi- and o2-adrenoceptors would appear to be present
on smooth muscle cells in this vessel. In both SHR
and Sprague-Dawley rat tail arteries, the non-
selective agonist NA activates both oa-adrenoceptor
subtypes since both idazoxan and prazosin reduce
responses in the appropriate selective concentrations
(Medgett & Langer, 1984; Medgett et al., 1984). All
data referred to above were obtained under condi-
tions of blockade of J-adrenoceptors and of inhibi-
tion of neuronal uptake using propranolol and
cocaine, respectively.

In the present study it was intended to confirm that
positive evidence for the existence of smooth muscle
aC2-adrenoceptors could also be obtained, using NA
as an agonist, in the absence of blockade of ,B-
adrenoceptors and neuronal uptake; this latter situa-
tion applies to the bulk of the available in vivo data

(see McGrath, 1982). The dependence of oa-
adrenoceptor-mediated vasoconstrictor responses
on the concentration of extracellular calcium ions
and the effect of the calcium slow channel blocker
diltiazem were also investigated.

Vasoconstrictor responses elicited by NA were
antagonized by a selective M2-adrenoceptor antagon-
ist concentration of idazoxan (100 nmol 11); this is
ten times lower than that required for minimal xl-
adrenoceptor blocking actions (Doxey et al., 1983).
The -log KB values, determined at the EC25, EC5o
and EC75 levels approach those values quoted for
ac2-antagonist activity (Doxey et al., 1983), confirm-
ing that aC2-adrenoceptors contributed to the vas-
oconstrictor responses elicited by NA. Idazoxan
(100 nmol 1-') was particularly effective against con-
centrations of NA between 1 and 100 nmol 1-'; the
log shift value determined at the EC25 level of the
curve was significantly greater than that determined
at the EC75 level of the curve. This suggests the
possibility that in rat isolated tail arteries, low con-
centrations of NA (of 1 - 100 nmol 1-') activate U2-
adrenoceptors to a greater extent than do higher
concentrations of NA; this is similar to in vivo find-
ings (see McGrath, 1982). The observation that
idazoxan causes a 10 fold increase in the threshold
concentrations of NA but has no effect on the con-
centration required to elicit the maximum response
further supports the above-mentioned suggestions. It
would appear that this pattern of antagonism by
idazoxan may be dependent on the absence of block-
ade of neuronal uptake and/or 3-adrenoceptors,
since parallel shifts of the NA curve were obtained
with this concentration of idazoxan in the presence of
cocaine and propranolol (Medgett & Langer, 1984).
The responses to SNS have been shown to be

almost completely abolished by tetrodotoxin, con-
firming their neurogenic origin (Medgett & Langer,
1984). Therefore the lack of effect of idazoxan on
these responses suggests that endogenous NA, re-
leased from nerve terminals, does not activate post-
junctional CX2-adrenoceptors. It may be argued that
blockade of prejunctional release-modulating ci2-
adrenoceptors, which have previously been iden-
tified in this tissue (Medgett& Rand, 1981) increases
the release of NA from sympathetic nerve terminals
and that this counteracts the effect of idazoxan on
postjunctional aC2-adrenoceptors which may be pres-
ent. However, at 1 Hz, the feedback mechanism op-
erates to only a small degree (Medgett & Rand,
1981), yet idazoxan has no effect on the response at
this frequency. Some involvement of postjunctional
0(2-adrenoceptors may not be completely excluded at
the very lowest frequencies used (0.1 and 0.3 Hz),
although their role, if it exists, is insignificant com-
pared to that in SHR arteries, where a 10 fold lower
concentration of idazoxan markedly reduced re-
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sponses up to 3 Hz under identical experimental con-
ditions (Medgett et al., 1984). Notwithstanding the
existence of smooth muscle M2-adrenoceptors, the
co-existence of mcl-adrenoceptors as the predominant
subtype in rat tail arteries (Medgett & Langer, 1984)
has also been confirmed in the present study by the
potent effect of prazosin on responses to NA. The
- log KB values, determined at the EC25, EC5o and
EC75 levels of the NA curve were not significantly
different. The - log KB values obtained in the pres-
ence of prazosin approach 10. In addition, the sen-
sitivity to blockade by prazosin of responses to SNS,
compared with the resistance of these responses to
idazoxan, further adds to the evidence indicating a
preferential activation of al-adrenoceptors by
neuronally released NA (see McGrath, 1982;
Medgett & Langer, 1984).

In order to investigate the dependence of a-
adrenoceptor-mediated responses on extracellular
calcium, the concentration of calcium ions in the
Krebs solution was reduced from 2.5 to 0.6 mmol [-'.
This significantly reduced responses to NA at all
levels of the curve: there was a clear increase in the
threshold concentration ofNA as well as an increase
in the concentration of NA required to elicit the
maximum response. In a few experiments (unpub-
lished data) the concentration of calcium ions was
further reduced to 0.25 mmol [-'; there was no furth-
er reduction of the responses to NA. It is possible that
the component inhibited by reducing extracellular
calcium corresponds to the a2-adrenoceptor-
mediated component, as revealed by the antagonistic
effects of idazoxan. This possibility gains support
from the apparent lack of effect of reducing the
concentration of calcium ions on responses to SNS,
since these latter responses appear to be mediated
almost exclusively by cl-adrenoceptors. Similarly,
the results obtained with diltiazem support the above
postulation: responses to NA were substantially re-
duced whereas those to SNS were unaffected. It is
interesting that increasing the concentration of dil-
tiazem from 1 to 10 jmol [` caused little further
antagonism of NA responses. Higher diltiazem con-
centrations were not tested since these cause appreci-
able direct al-adrenoceptor antagonism rather than
simply blocking calcium channels (Nayler et al.,
1982; Cavero et al., 1983). The effect of 10pmolI`
diltiazem thus probably represents a near maximal
effect of blockade of entry of extracellular calcium

ion on responses to NA in this vessel, and amounts to
0.9 log unit shift in the NA curve. That this corres-
ponds closely to the maximal shift attributable to
blockade of cE2-adrenoceptors by idazoxan, in the
presence of cocaine and propranolol, of about 0.8 of
a log unit (Medgett & Langer, 1984), gives further
weight to the proposed correlation between a2-
adrenoceptor-mediated and extracellular calcium
sensitive components of responses to NA. Experi-
ments reassessing the effects of the antagonists
idazoxan and prazosin were not performed, since it
has been shown in other experiments (unpublished
data) that the antagonistic effect of 100 nmol 1-1
idazoxan is lost if the NA curve is previously shifted
about one log unit to the right by prazosin. In other
words, higher NA concentrations appear to lose
selectivity for a2-adrenoceptors, and thus any in-
terpretation of the effects of idazoxan on NA in
reduced calcium would have to account for this
factor.

In conclusion, the effects of idazoxan and prazosin
on responses to NA and SNS confirm previous data
(Medgett & Langer, 1984; Hicks et al., 1984), sug-
gesting that ai-adrenoceptors predominate in proxi-
mal segments of rat tail artery, but that there exists a
subpopulation of smooth muscle a2-adrenoceptors;
in the present instance, neuronal uptake and f-
adrenoceptors were not blocked. Exogenous agonists
activate both oz1-and aC2-subtypes whereas NA re-
leased from nerve terminals almost exclusively acti-
vates a1-adrenoceptors; this may be attributed to a
hypothetical differential intramural distribution of
ol- and 02-adrenoceptors in arterial smooth muscle
(see Introduction). Finally, it is proposed that U2-
adrenoceptor-, but not o1-adrenoceptor-mediated
responses are dependent on extracellular calcium.
This is indicated by the apparent correlation between
the a2-adrenoceptor-mediated component of NA re-
sponses, and their sensitivity, either to changes in the
concentration of calcium ions in the Krebs solution or
to blockade by diltiazem in contrast to the resistance
of responses to SNS. These results confirm previously
reported in vivo and in vitro data using isolated
venous smooth muscle (Cavero et al., 1983).

The work described in this paper was supported by the
National Health and Medical Research Council of Au-
stralia.
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